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(57) Abstract: A bone connector system (10) includes first (20) and second connector mem- 
bers (30), at least one and preferably both, of which carries an external bone screw thread (22 
& 32) to permit securance within a bone. One of the connector members (20) defines a boss 
(25) having an outer end (27) with at least one slot (29) therein to form flexible fingers (25a), 
the boss (25 ) having flanges (28) which may be formed by an external screw thread adjacent to 
the outer end (27), and an external hexagonal engagement surface (26) spaced from the outer 
end (27). The other of the connector members (30) defines a bore (35) having grooves (38) 
which may be formed by an internal screw thread proportioned to engage the flanges (28) on 
the boss (25), and a hexagonal engagement portion (36) proportioned to mateahly receive and 
engage the hexagonal engagement surface (26) when the connectors (20 & 30) are brought 
together. 
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BONE CONNECTOR SYSTEM 
WITH ANTI-ROTATIONAL FEATURE 

Inventors: Matthew N. Songer, Greg A. Berrevoets, 

Francis J. Korhonen, Thomas S. Kilpela 

5 rrnss Referee to Relat e Applications 

This appUcation is related to U.S. Application serial no. 09/602,771, filed June 23, 
2000, entitled "Bone Connector System with Anti-Rotational Feature," which is in turn a 
10 continuation-in-part of copending U.S. application serial no. 09/499,881, filed February 8, 
2000, entitled "Bone Connector System," which is in turn a continuation-in-part of U.S. 
application serial no. 09/375,330, filed August 17, 1999, entitled "Bone Connector 
System," now abandoned, the disclosures of which are incorporated herein by reference. 
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Background 

This application relates to bone fixation and fusion systems, for example for the 
fusing together of toe bones or the like, by firmly locking them in abutting relation to 
permit good healing. This is accomplished through the use of male and female connectors, 
each of which, when bone fusion or fixation is the desired result, has external bone threads 
2 o so that each of the connectors may be driven into a separate piece of bone or opposing 
ends of the same bone, as at a fracture. 

The male connector is a solid body having a slotted boss with external threads 
adjacent to a distal end. The female connector defines an internally threaded bore in which 
the boss of the male connector may be threadedly engaged in a somewhat resilient, spring- 
like manner resulting from the cross cut slots, for retention of the two connectors together. 
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This threaded interconnection permits the connectors to be engaged in a well- 
fitting, solid connection which nevertheless is highly adjustable in its length by adjusting 
the depth to which one connector is inserted into the other. However, the threaded 
interconnection may also permit one connector to rotate with respect to the other after 
installation, which may be undesirable or harmful. Also, the shape of the threads of the 
threaded interconnection, together with the flexibility of the slotted boss, may permit a 
camming action which could result in the connectors being axially pulled apart if sufficient 
force is applied. 

Summary 

By this invention, a bone connector system is provided which comprises first and 
second connector members. At least one of the connector members carries an external 
bone screw thread to permit securance within a bone. In the circumstance where two 
bones or two parts of a bone are being connected together for fusing or the like, both of the 
connectors may carry external bone screw threads, to permit their separate securance 
within separate bone parts. Otherwise, one of the connector members may connect to an 
artificial tooth or another attachment to a bone. 

One of the connector members defines a projection or boss having a distal or outer 
end. One or more longitudinal slots extend through the boss adjacent to its outer end. The 
boss also carries a plurality of loops or convolutions of an external screw thread adjacent 
to the outer end. 

The other of the connector members defines a bore for receiving the boss, and 
having a plurality of loops or convolutions of an internal screw thread which is 
proportioned to engage the external thread of the boss when the connectors are brought 
together. The internal screw thread and the external screw thread may fit together with a 
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multiple-loop, close, tight fit without any mispositioning. The screw threads have 
differently-sloped flanks, one inclined at a small acute angle and one at a large acute angle 
to the longitudinal axis of the connector, so that it is much more difficult to axially pull the 
connectors apart than it is to push them together. 

The outer surface of the hoss has a portion of non-circular peripheral shape 
disposed for mating engagement in a portion of the bore having a similar non-circular 
peripheral shape when the boss is disposed in the bone, to prevent relative rotation of the 
connector members. 

If desired, one or both connector members may define a central lumen, to permit a 
guidewire to extend through either or both connector members to facilitate placement 

thereof at a desired position in a bone. 

Brief Description of the Drawings 

Fig. 1 is a perspective view showing the two separate connector members of the 

bone connector system of the invention; 

Fig. 2 is an enlarged sectional view, taken generally along line 2-2 of Fig. 1, of one 

of the connector members; 

Fig. 3 is an enlarged, fragmentary view in partial longitudinal section of the bone 
connector system of Fig. 1, shown in a position of implantation within and connecting two 
bones; 

Fig. 4 is a perspective view similar to Fig. 1 of a modified bone connector system; 

and 

Fig. 5 is a fragmentary view in partial section similar to Fig. 3, illustrating another 
embodiment of the bone connector system. 
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Detailed Description 

Referring to Figs. 1-3, bone connector system 10 is shown in Fig. 3 to be implanted 
between a pair of bones or parts of a bone 12, 14, for example, two bone parts in a toe 
which need fusion, and are so fused by the installation of the bone connector system 10. 

The bone connector system 10 includes two bone connector members 20 and 30, 
each of which may be made of a desirable surgically implantable metal. The connector 
member 20 has an elongated body 21 provided with an external bone screw thread 22 so 
that the connector member 20 can be fixed in an associated bone or bone part. The 
connector member 20 also has an external polygonal drive surface 23, which may be 
hexagonal in shape, to receive an associated wrenching tool or the like to facilitate 
implanting the connector member 20 in the associated bone or bone part, in a known 
manner. 

The connector member 20 also defines a projecting boss 25 which has an external 
peripheral engagement surface 26 which is non-circular in shape. The surface 26 may 
have a polygonal shape, such as hexagonal. The boss 25 has an outer or distal end 27 and 
is provided with an external thread 28 adjacent to the distal end 27, the loops or 
convolutions of the thread 28 forming laterally outwardly projecting flanges. Formed in 
the boss 25 adjacent the distal end 27 are one or more slots 29 (two shown). The slots 29 
may be equiangularly spaced around the periphery of the boss 25, with the slots 
communicating with one another internally of the boss 25, so that the slots 29 cooperate to 
divide the boss 25 into a plurality of fingers 25a. 

The connector member 30 has an elongated body 3 1 and is provided with an 
external bone screw thread 32 so that it can be fixed in an associated bone or bone part. 
The connector member 30 has an external peripheral drive surface 33, which may be 
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polygonal in shape, such as hexagonal, to receive an associated wrenching tool and the like 
to facilitate implanting the connector member 30 in an associated bone or bone part. 
Formed in the connector member 30 is a bore 35 which could extend entirely or part-way 
through the connector member 30. The bore 35 is provided adjacent to an outer end with a 
peripheral engagement portion 36 which is non-circular in shape, being shaped and 
dimensioned for mating engagement with the engagement surface 26 of the connector 
member 20. More specifically, the engagement portion 36 may be polygonal, such as 
hexagonal. The bore 35 is provided, inboard of the engagement portion 36, with an 
internal screw thread 38, having plural loops or convolutions which define grooves which 
form another engagement portion. The screw thread 38 is designed for threaded 
engagement with the screw thread 28 of the connector member 20. 

In use, if two bones or two parts of a bone 12, 14 are to be fused togther, the 
connector members 20 and 30 are, respectively, screwed into the bones or bone parts in a 
known manner to fixed positions illustrated in Fig. 3. Then, the connector members 20 
and 30 are secured together by inserting the boss 25 into the bore 35. This insertion may 
be accomplished without relative rotation of the parts, because the fingers 25a of the boss 

25 have radial flexibility sufficient to permit them to be deflected inwardly so that the 
loops or convolutions of the external screw thread 2S on the boss 25 can be snapped past 
the loops or convolutions of the internal screw thread 38 in the bore 35 in a camming 
action. The boss 25 is in inserted in the bore 35 until the hexagonal engagement surface 

26 enters the hexagonal engagement portion 36 of the bore 35. In this regard, it will be 
appreciated that, when the connector members 20 and 30 are respectively inserted in the 
bones 12 and 14, they will be rotated to positions wherein the engagement surface 26 and 
the engagement portion 36 align with each other. It will also be appreciated that the boss 
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25 may be inserted into the bore 35 to a variety of di fferent depths, limited by the axial 
extent of the hexagonal engagement portion 36 of the bore 35, so that the overall length of 
the bone connector system 10 may be finely adjustable. 

Once the engagement surface 26 is mateably engaged with the engagement portion 
36, the connector members 20 and 30 are non-rotatable relative to each other. 

While the invention has been described with respect to fusing of toe bones or bone 
parts, it will be appreciated that the bones 12 and 14 may be other types of bones, such as 
finger bones, adjacent vertebrae or any other adjacent bones which need to be fused 
together. If only one of the connector members 20 and 30 is mounted in a bone, it will be 
appreciated that, in joining the other connector member to it, the other connector member 
may initially be rotated to screw the parts together until the engagement surface 26 is about 
to enter the engagement portion 36, whereupon continued joinder is accomplished by an 
axial movement. 

While the flanges on the boss 25 and the grooves in the bore 35 are respectively 
formed by helical threads 28 and 38, they could be discrete, annular flanges and grooves, 
but threads are less expensive to form. 

Referring to Fig. 4, an alternative design of the bone connector system designated 
1 OA is illustrated, including connector members 20A and 30A , which are respectively 
substantially the same as the connector members 20 and 30, described above, except that 
the connector members 20A and 3 OA respectively define central lumens 24 and 34 
extending longitudinally therethrough. This permits the connector members 20 A and 3 OA 
to be threaded onto a guidewire 40 to facilitate advancement and placement of the 
respective connector members 20A and 30A into their desired positions. 

Referring to Fig. 5, there is illustrated a bone connector system 10B, which is 
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similar in construction and operation to the bone connector system 10 of Fig. 3, except for 
the differences described below. The system 10B includes a connector member 50, similar 
to the connector member 20, having an elongated body 51 provided with an external bone 
screw thread 52 and an external polygonal drive surface 53, which may be hexagonal in 
shape. The connector member 50 also defines a projecting boss 55 which has an external 
peripheral engagement surface 56 which is non-circular in shape. The surface 56 may 
have a polygonal shape, such as hexagonal. The boss 55 has an outer or distal end which 
has formed therein a diametral slot 59 which divides the end of the boss 55 into fingers 60 
and 61, each of which has side faces 62 which intersect the slot 59 at an angle thereto. The 
boss 55 is provided with an external thread 67 adjacent to the distal end, the loops or 
convolutions of the thread 67 forming laterally outwardly projecting flanges, each of 
which has a first or lower face or flank 68 inclined at a relatively small acute angle a to the 
longitudinal axis X of the connector member 50, and an upper or second face or flank 69 
disposed at a relatively large angle P to the axis X. 

The system 1 0B also includes a connector member 70 having an elongated body 7 1 
provided with an external bone screw thread 72. The connector member 70 has an 
external peripheral drive surface 73, which may be polygonal in shape, such as hexagonal. 
Formed in the connector member 70 is a bore 75 which could extend entirely or part-way 
through the connector member 70. The bore 75 is provided adjacent to an outer end 
thereof with a peripheral engagement portion 76 which is non-circular in shape, being 
shaped and dimensioned for mating engagement with the engagement surface 56 of the 
connector member 50. More specifically, the engagement portion 76 may be polygonal, 
such as hexagonal. The bore 75 is provided, inboard of the engagement portion 76, with 
an internal screw thread 77, having plural loops or convolutions which form another 
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engagement portion. The screw thread 77 is designed for threaded engagement with the 
screw thread 67 of the connector member 50, each loop or convolution of the screw thread 
77 having a lower or first flank or face 78 disposed at the angle a to the longitudinal axis 
of the connector member 70 and a second or upper flank or face 79 disposed at the angle p 
to the longitudinal axis of the connector member 70. 

In use, the connector members 50 and 70 are secured together by inserting the boss 
55 into the bore 75 in the same manner as was described above in connection with the 
system 10 of Fig. 3. During this insertion, the flexibility of the fingers 60 and 61 permits 
the lower flanks 68 of the boss 55 to be cammed along and past the lower flanks 78 of the 
connector member 70. Once the connector member 50 is connected to the connector 
member 70, as illustrated in Fig. 5, the upper flanks 69 of the boss 55 will be disposed in 
engagement with upper flanks 79 of the connector member 70. In this regard, it will be 
appreciated that, when the connector members 50 and 70 are joined together as in Fig. 5, 
they are coaxial having the common longitudinal axis X. The angle p of these flanks is 
relatively large, preferably approximately 90°, so separation of the connector members 50 
and 70 by pulling the boss 55 axially back out of the bore 75 will be extremely difficult, if 
not impossible, without damage to or destruction of the parts. The angle a may be less 
than 45 °, while the angle p may be greater than 60° and, in a preferred embodiment, the 
angle a is 35 ° and the angle p is 90°. While the angle p may slightly exceed 90°, if it is 
substantially greater than 90° it will create manufacturing problems and could provide a 
camming action which might aid attempted separation of the parts. It can be seen that, in 
the illustrated embodiment, the angles a and p, are such that the thread flanks define a 
generally Z-shape in transverse cross section. 

The matter set forth in the foregoing description and accompanying drawings is 
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have been shown and described, it will be obvious to those skilled in the art that changes 
and modifications may be made without departing from the broader aspects of applicants- 
contribution. The actual scope of the protection sought is intended to be defined in the 
following claims when viewed in their proper perspective based on the prior art. 
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We Claim : 

1 . A bone connector system comprising: 
first and second connector members, 

at least one of said connector members having an external bone screw thread to 

permit attachment within a bone, 

one of the connector members having a bore therein having an outer end, 

the bore having an engagement portion of non-circular peripheral shape adjacent to 

the outer end, 

the other of the connector members having a boss dimensioned to be received in 
the bore, the boss having an outer engagement surface of non-circular peripheral shape 
disposed for mating engagement with the first engagement portion when the boss is 
received in the bore. 

2. The system of claim 1, wherein the boss has a distal end with a slot 
extending transversely through the boss at the distal end. 

3. The system of claim 1, wherein the boss has a distal end with intersecting 
slots extending transversely through the boss at the distal end. 

4. The system of claim 1 a and further comprising coupling structure 
interconnecting the first and second members to inhibit removal of the boss from the bore. 

5. The system of claim 4, wherein the coupling structure includes a first 
portion on the one member and a second portion on the other member. 

6. The system of claim 5, wherein the first portion includes internal peripheral 
grooves in the bore inboard of the engagement portion, the second portion including 
external peripheral flanges on the boss adjacent to the distal end thereof and disposed for 
engagement in the grooves when the boss is received in the bore. 
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7. The system of claim 6, wherein the grooves are formed by an internal 
helical thread and the flanges are formed by an external helical thread. 

8. The system of claim 6, wherein each of the engagement portion and the 

engagement surface is polygonal in shape, 

9. The system of claim 1 , wherein each of the engagement portion and the 



encasement surface is hexagonal in shape. 

10. The system of claim 1 , wherein at least one of the connector members has a 

lumen extending therethrough. 

11. The system of claim 1 0, wherein both of the connector members have 

lumens extending therethrough. 

12. A bone connector system comprising: 
first and second connector members, 

at least one of the connector members having structure to permit attachment to a 

bone, 

one of the connector members having a bore therein, 
the bore having an engagement portion with internal peripheral grooves, 
the other of the connector members having a boss dimensioned to be received in 
the bore for cooperation therewith to define a common longitudinal axis, 

the boss having a distal end with a slot extending transversely through the boss at 

the distal end, 

the boss having external peripheral flanges adjacent to the distal end disposed for 
engagement in the grooves when the boss is received in the bore, 

each flange and each groove having a first flank disposed at a relatively small acute 
angle to the longitudinal axis and a second flank disposed at a relatively large angle to the 
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longitudinal axis. 

13. The system of claim 12, wherein the boss includes fingers separated by the 
slot, each finger having side faces intersecting the slot. 

14. The system of claim 12, wherein the first angle is less than 45 ° and the 
second angle is greater than 60°. 

15. The system of claim 14, wherein the first angle is substantially 35 ° and the 
second angle is substantially 90°. 

16. The system of claim 12, wherein the grooves are formed by an internal 
helical thread and the flanges are formed by an external helical thread. 

17. The system of claim 12, wherein the grooves are greater in number than the 

flanges. 

IS. The system of claim 12, wherein each of the connector members has a 
lumen extending therethrough. 

19. The system of claim 12, wherein each of the connector members has 
external bone screw threads. 

20. A bone connector system comprising: 
first and second connector members, 

at least one of the connector members having a structure to permit attachment to a 

bone, 

one of the connector members having a bore therein having an outer end, 
the bore having a first engagement portion of non-circular peripheral shape 

adjacent to the outer end, 

the bore having a second engagement portion with internal peripheral grooves 

disposed inboard of the first engagement portion. 
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the other of the connector members having a boss dimensioned to be received in 
the bore for cooperation therewith to define a common longitudinal axis, 

the boss having a distal end with a slot extending transversely through the boss at 

the distal end, 

the boss having an outer engagement surface of non-circular peripheral shape 
disposed for mating engagement with the first engagement portion when the boss is 
received in the bore, 

the boss having external peripheral flanges adjacent to the distal end disposed for 
engagement in the grooves when the boss is received in the bore, 

each flange and each groove having a first flank disposed at a relatively small acute 
angle to the longitudinal axis and a second flank disposed at a relatively large angle to the 
longitudinal axis. 

21. The system of claim 20, wherein each of the first engagement portion and 
the engagement surface is polygonal in shape. 

22. The system of claim 20, wherein at least one of the connector members has 

a lumen extending therethrough. 

23 . The system of claim 20, wherein the first angle is substantially less than 

45° and the second angle is substantially greater than 60°. 



20 



E.\SOOC:D <WO 



CJC0123A1 l_» 



WO 02/00123 



1/3 



PCT/US0 1/20000 




BSiSDCClO- <vvo 



WO 02/00123 

2/3 




PCT/USOl/20000 




WO 02/00123 



3/3 



PCT/US01/20000 




EXSDOCiC- <WC 



C200123A1 I > 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCOVUS01/20000 



A. CLASSIFICATION OF SUBJECT MATTER 
IPC<7) :A61B 17/56 

A^L tototCTPatioaal Patent Classification (IPO or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum doenmentation searched (classificatiou S >^m followed by classification symbols) 
U.S. : 606,73, 53, 60, 65, 66, 72 

r^^^ou^ aea other than — -* ^= - =S » the iw* — ^ 



Electronic data base consulted during the international search (name 



of data base and, where practicable, search terms used) 



EAST, fracture AND thread AND rotation AND (bone WITH conned*) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* J Citation of document, with indication, where appropriate, of the relevant passages 

A f» US 6,187,008 Bl (Hamman) 13 February 2001, Fig. 1. 
A US 5,827,285 A (Bramlet) 27 October 1998, Figs. 2-8. 

US 5,667,510 A (Combs) 16 September 1997, Figs. 5 & 6. 
US 5,417,692 A (Goble et al.) 23 May 1995, Figs. 1-11. 



Relevant to claim No. 



1-23 



1-23 



1-23 



1-23 



Further documents are listed i n the continuation of Box C Q 

Special categories of cited dommcotc 

document defining die genera Bate ot U* ait which is not considered 
to be of portico lax relevanco 



earlier document published ot, or after the international filing date 

doaima* which may throw doubts oa priority elain<s) or which is 
ctSTe^Sh^ pubUcaticn date of another citation or other 
special reaaon (aa epeeHtsd) 

docur*eni referring to an oral disclosure, use, exhibition or other 
means 

docrmwni published prior to the mteruatinual Wing date hat later 
than the priority date claimed — - 



See patent family annex. 

iater doeuinent published after the 

date and not incooIKct with the application but cited to understand 
the principle or theory underlying the invention 

foment or particular relevance; the claimed invention canuot be 
%£&lJ^*m** he considered to involve on inventive step 
when the document is taken alone 

document of particular relevance; the daimed ioveatioa c^cA 
S to £2£ an inventive step when 

with one or more other such docarnenta. such eonimnanoa news 
obvious to a person skilled in the art 

doearcent member of the son* patent family 



Date 



of the actaal completion of the international search 



31 JULY 2001 

Name and mailing address of the ISA/CS 
Commissioner of Patents and Trademarks 
Box PCT 

Washington* D.C 20231 

Facsim ile No. (703) 305-3230 

Form PCTMSA^IO (second sheet) (Jnly 1098)* 

~ MS DOC'S <WO 02CG123A1 i > 



/ 



mailing of the international search report 

05SER2001 



owicer. 



li. Gene &£ancene 
Telephone No. (703) 3G&.269C 



